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C3435T, have been investigated. [1] [2] [3] Originally identified in a German Caucasian population by Hoffmeyer et al., C3435T was found to correlate with P-gp expression in the duodenum as determined by Western blots and quantitative immunohistology (P=0.056).
1 Individuals with the CC genotype (n=6) had higher levels of P-gp expression, approximately 2-fold, compared with individuals with the TT genotype (n=5); heterozygotes had intermediate expression levels (n=10). The mechanism by which the T allele results in lower duodenal P-gp expression is unknown, because C3435T is a silent mutation and does not result in changes in the P-gp sequence. However, Hoffmeyer et al. hypothesize that C3435T may be linked to other variants in the MDR1 gene. 1 The MDR1 gene product P-glycoprotein (P-gp) is a member of the ATP-binding cassette transporter family. P-gp utilizes the energy derived from ATP hydrolysis to pump a wide range of compounds, including numerous clinically used drugs, out of cells; this activity has important pharmacokinetic and pharmacodynamic consequences. For example, P-gp is expressed within the apical membranes of intestinal, renal, and hepatic epithelial cells, where it affects the absorption and elimination of its substrates. P-gp is also located within the apical membranes of capillary endothelial cells of the brain, where it can limit the penetration of drugs to the CNS. In addition to the roles of P-gp in absorption, distribution, and elimination, the overexpression of P-gp is implicated in the development of the multi-drug resistance (MDR) phenotype of some tumor cells. Consequently, P-gp inhibitors are now being developed as MDR reversal agents.
Hoffmeyer et al. only examined the effects of the MDR1 C3435T polymorphism on P-gp expression in the duodenum. However, because the MDR1 gene is expressed in many normal tissues and cell types, it is important to establish whether the mutation alters P-gp expression exclusively in the duodenum, thereby affecting only drug absorption, or whether expression is altered in other tissues as well, leading to changes in distribution, elimination, or both of these processes. Using a rhodamine efflux assay as a measure of P-gp activity, Hitzl et al. examined P-gp activity in CD56+ natural killer cells from healthy subjects with the different genotypes at the 3435 locus. 2 Rhodamine is a P-gp substrate, thus CD56+ cells with higher P-gp activity would be predicted to have lower intracellular rhodamine fluorescence. Hitzl et al. found that CD56+ cells from individuals with the CC genotype (n=10) had lower rhodamine fluorescence (51.1 ± 11.4%) compared with CD56+ cells from individuals with the TT genotype (n=11) (67.5 ± 9.5%), indicating that cells from CC carriers have higher P-gp activity compared with cells isolated from TT carriers.
2 Although this difference was statistically significant, the consequences of a functional difference of this magnitude are debatable. In addition to these functional studies, Hitzl et al. quantified MDR1 RNA transcript levels in leukocytes. 2 They did not find a correlation between RNA levels and genotype at position 3435. Hitzl et al. hypothesize that the lack of a correlation was due to their use of leukocytes as the RNA source; leukocytes are a heterogeneous pool of cells that include CD56+ cells, but also other cell types. Although the results of the RNA expression experiments of Hitzl et al. do not necessarily invalidate the results of their functional studies, further experiments examining P-gp transcript levels, and ideally P-gp protein levels, in CD56+ cells are needed to resolve this issue.
Interestingly, a number of P-gp substrates, including digoxin and cyclosporin A, exhibit substantial interindividual variability in their pharmacokinetics. Some of this variability could be attributed to environmental factors, but it is also reasonable to predict that some of this variability arises due to genetic factors, including mutations in genes involved in drug metabolism and transport, such as MDR1. Understanding the functional and clinical consequences of MDR1 variants is important-if this variability could be assigned to a mutation in the MDR1 gene, patients could be screened and appropriate dose adjustments could be made on the basis of their MDR1 genotype. Furthermore, MDR1 variants could have important pharmacodynamic consequences: patients carrying null MDR1 alleles, if such alleles exist, might not respond to P-gp inhibitors used as MDR reversal agents in cancer treatment.
Recently, a number of papers have reported the discovery and initial characterization of MDR1 variants; to date, more than 20 mutations in the MDR1 gene have been identified. [1] [2] [3] [4] [5] Until now, however, the functional and clinical consequences of only one common MDR1 variant, 2001; 3 (3) Commentary 3 (http://www.aapspharmsci.org) . In addition to the in vitro studies described above that examined P-gp expression and the functional consequences of the C3435T polymorphism, three clinical studies have been conducted to investigate the clinical relevance of this mutation in the MDR1 gene. Hoffmeyer et al. reported an association between the genotype at the 3435 locus and in vivo P-gp activity as measured by digoxin plasma concentration and pharmacokinetic parameters from two clinical studies in healthy volunteers. 1 In the first study, Hoffmeyer et al. genotyped volunteers who had participated in a previous clinical trial, in which eight healthy male volunteers received a single 1 mg oral dose of digoxin or an intravenous infusion of 1 mg of digoxin with and without rifampin (a potent P-gp and CYP3A4 inducer) pretreatment in a crossover fashion. 1, 6 Plasma and urine digoxin concentrations were determined and pharmacokinetic parameters, including AUC, bioavailability, Tmax, Cmax, renal CL, and half-life were calculated or derived. 6 Hoffmeyer et al. found that individuals with the CC genotype (n=3) had higher duodenal P-gp expression and lower digoxin AUC values after rifampin pretreatment compared with the one subject who was homozygous for the TT genotype.
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1 Heterozygotes had intermediate duodenal P-gp expression levels and AUC values. While these data indicate that CC carriers had a lower exposure to digoxin compared with CT carriers or the single TT carrier, it is not possible to attribute the observed differences in exposure levels to differences in digoxin intestinal absorption, because AUC is dependent on both absorption (bioavailability) and clearance. To assign a cause to the differences in AUC values would require bioavailability and clearance values. And before one can establish a relationship between duodenal P-gp expression levels and absorption, a significant correlation between bioavailability and P-gp expression is required. Furthermore, it is unclear why the authors chose to discuss only the data from rifampininduced treatments. Were the differences in pharmacokinetic parameters among genotype groups similar with and without pretreatment with rifampin? For in this case, rifampin pretreatment only complicates the analysis, since one cannot rule out the possibility that the TT homozygote carries a mutant protein involved in the rifampin-dependent induction pathway.
In the second clinical study, Hoffmeyer et al. determined the MDR1 genotype at the 3545 locus in 14 healthy volunteers who had participated in a clinical study in which they had received 0.25 mg digoxin daily until steadystate digoxin plasma concentrations were reached. 1 A 38% difference was found in the mean steady-state digoxin Cmax values between individuals carrying the CC genotype (n=7) and the TT genotype (n=7).
1 But again, in the absence of additional information, it is not possible to assign a cause for the observed differences in Cmax values between the CC and TT genotypes, because Cmax is dependent on both absorption and elimination. Hence, the only definitive conclusion we can draw from the data is that a small, albeit significant, difference exists in the steady-state Cmax values between CC and TT carriers.
In a third clinical investigation, von Ahsen et al. determined the allele frequency for the C3435T allele in 124 stable Caucasian renal transplant patients receiving cyclosporin A (CsA) therapy. 3 In contrast to the findings of Hoffmeyer et al. for digoxin, von Ahsen et al. did not find significant differences among individuals carrying the CC (n=31), CT (n=54), or TT (n=44) genotypes for the three parameters they measured: the CsA dose required to maintain therapeutic concentrations, dose-adjusted CsA trough concentrations, and incidence of acute rejection. Hence, the C3435T polymorphism does not appear to be clinically relevant for CsA therapy. However, the reason von Ahsen et al. did not observe significant differences between genotypes could have been that the true effect was caused by a particular haplotype, not the C-to-T change at position 3435.
While the C3435T polymorphism clearly appears to be correlated with P-gp expression in duodenal tissue and functional activity in CD56+ cells, the clinical relevance of this particular mutation in the MDR1 gene appears to be drug-dependent. Hoffmeyer et al. found genotypeassociated differences in digoxin AUC values after rifampin pretreatment in a small group of subjects and a small genotype-associated difference in digoxin's steady-state Cmax. 1 In contrast, von Ahsen et al. found no differences in either CsA plasma concentrations or outcome in stable renal transplant patients with different MDR1 genotypes at the 3435 locus, indicating that this particular MDR1 variant does not appear to be relevant for CsA therapy. 3 While the results of these studies suggest that the C3435T mutation in the MDR1 gene does not have substantial clinical consequences, at least for digoxin and CsA, the clinical importance of the other mutations and haplotypes in the MDR1 gene has yet to be determined.
